We report the detection of proper motions in [Fe ii] 1.644 mm emission among the southeasternmost features in the Herbig-Haro object complex GGD 37. Imaging observations were made over a period of 5 yr, at epochs 1993. 67, 1996.71, and 1998.68, that reveal proper-motion velocities of km s Ϫ1 at GGD 37:W2 and 400 ‫ע‬ 200 km s Ϫ1 at a newly identified object, designated GGD 37:RWPF 1. We believe the proper-motion 850 ‫ע‬ 200 velocity of GGD 37:RWPF 1 is the highest found to date for a Herbig-Haro object. The direction of GGD 37: RWPF 1's proper motion is almost due west, away from the nearby young stellar object complex in Cep A East. GGD 37:W2's direction of proper motion is north/northwest, which does not lead back to any of the compact objects in Cep A East.
1. INTRODUCTION Herbig-Haro objects (HH objects : Herbig 1950; Haro 1952) and their associated jets have been shown to have high proper motions and variable brightness. For example, the tangential velocities in the [S ii] emission features in HH 1 and the VLA 1 jet range from 100 to 380 km s Ϫ1 ; five of the features in HH 1 and 2 have brightened or faded by 20%-30% over a timescale as short as 6 yr (Eislöffel, Mundt, & Böhm 1994b) .
Recently several HH objects have been also observed in the singly ionized iron emission line at 1.644 mm (e.g., HH 46/47 in Eislöffel et al. 1994a ; Orion in Allen & Burton 1993) . Iron in the interstellar medium is ∼90% depleted onto grains; however, optical measurements of several HH objects have revealed that iron is present within them at the solar abundance level (e.g., HH 1, HH 7, and HH 11 in Beck-Winchatz, Böhm, & Noriega-Crespo 1994, 1996) . Such measurements indicate the passage of shocks strong enough to disrupt grains. Models of strong shocks into molecular clouds by Hollenbach & McKee (1989) show that [Fe ii] 1.644 mm emission should trace radiative shocks with velocities above ∼50 km s Ϫ1 . We report here the first infrared detection of proper motions in GGD 37 (Gyulbudaghian, Glushkov, & Denisyuk 1978) , in [Fe ii] 1.644 mm emission. Over a 5 yr period moderate proper motions were found at GGD 37:W2, and high proper motions were found at a newly designated object, GGD 37:RWPF 1 (hereafter RWPF 1); this object appears in the 1991 6 cm radio continuum map by Garay et al. (1996) . The proper-motion vectors of the objects are consistent with one or more outflow sources lying east/southeast of GGD 37. The proper-motion velocity of 850 km s Ϫ1 at RWPF 1 may be the highest seen in an HH object.
GGD 37 is a collection of 10 HH objects that lies 1Ј .5 west of Cep A East (Lenzen, Hodapp, & Solf 1984; Hartigan & Lada 1985) ; it is also sometimes referred to as HH 168 8 or Cep A West (Hughes & Wouterloot 1982) . Distance estimates to the associated star cluster Cepheus OB3 range from 730 pc (Blaauw, Hiltner, & Johnson 1959) to 690 pc (Mel'nikov et al. 1995) . In the following, we adopt 700 pc as the distance to GGD 37.
The source GGD 37:HW was first detected in 20 cm continuum observations by Hughes & Wouterloot (1982) , and Hughes (1989) resolved the source into three components. We follow the nomenclature of Garay et al. (1996) for these three sources, which are Cep A West:W1, Cep A West:W2, and Cep A West:W3 (hereafter W1, W2, and W3), and we use the designations GGD 37:W2 and GGD 37:W3 for the corresponding features seen in our iron emission images. Note that W3 corresponds to the radio and Ha source also designated Cep A West HW (Hughes & Wouterloot 1982; Hartigan & Lada 1985) .
Radial and tangential velocities of the Ha emission features have been measured. The radial velocities decrease from east to west and south to north along the source, with full widths at zero intensity (FWZIs) of 119-476 km s Ϫ1 (Hartigan et al. 1986 ); the highest FWZI spectrum occurs at GGD 37:HW. The tangential velocities of four of the Ha knots were measured (Lenzen 1988) accurately by comparison with the Palomar Sky Survey E plate. In particular, GGD 37:HW and GGD 37:S have tangential velocities of ∼100 and ∼210 km s Ϫ1 , respectively; both point west, away from the radio source Cep A East:HW2 (Hughes & Wouterloot 1984) . The tangential velocities of GGD 37:A and GGD 37:C are ∼110 and ∼210 km s Ϫ1 , respectively, but point to the northwest and do not lead directly back to the radio sources in Cep A East. Similarly, the less accurate tangential velocities of GGD 37:E and GGD 37:H do not lead directly back to Cep A East, but point northwest at ∼50 km s Ϫ1 and southwest at ∼200 km s Ϫ1 , respectively. The general east-to-west decrease in radial velocities and westward projection of the proper motions have been interpreted in terms of Garay et al. (1996) taken during 1991; they were registered with respect to star 14 (not shown) using coordinates from Hartigan & Lada (1985) , accurate to ‫1ע‬Љ absolute. The regions of the large green contour that correspond to W1, W2, and W3 are indicated with green labels and lines in frame (a). The westward motion of GGD 37:RWPF 1 corresponds to a tangential velocity of km s Ϫ1 . The shaded green circular regions un-851 ‫ע‬ 209 derneath each figure label represent the point-spread function FWHM at each epoch.
an outflow from a source to the east, possibly at the location of the compact radio sources in Cep A East.
Molecular hydrogen emission is present throughout the source in the form of arcs (Bally & Lane 1991; Hartigan et al. 1996; Raines et al. 1996) . The arcs have been interpreted in terms of bow shocks driven by an outflow jet (Hartigan et al. 1996) . The arcs associated with GGD 37:A-GGD 37:D appear as bow shocks moving to the northeast, while the arcs associated with GGD 37:E and GGD 37:S appear to be bow shocks moving to the west. Hartigan et al. (1996) conclude that these various orientations are consistent with either a single, fragmented outflow (e.g., Torrelles et al. 1993 ) from a source in Cep A East or with multiple outflow sources. None of the heavily obscured ( mag; Lenzen et al. 1984 ) sources in A 1 75 v Cep A East have yet been shown to have a jet pointed toward GGD 37. Garay et al. (1996) found further evidence for multiple sources in the GGD 37 region. They measured a thermal spectral index at W2 ( , ) between 6 and a = 0.6 a = 0.1 peak integrated 20 cm, and they propose that W2 may harbor a compact object that is driving a jet along GGD 37. No such object has yet been detected in infrared continuum (S. N. Raines et al. 1999 , in preparation).
OBSERVATIONS AND DATA REDUCTION
Singly ionized iron (1.644 mm), molecular hydrogen, and Brg images of the entire GGD 37 region (Raines et al. 1996 ; S. N. Raines et al. 1999, in preparation) were taken on three different occasions using the University of Rochester Third Generation Infrared Camera (Goetz et al. 1998 ) at the Wyoming Infrared Observatory. One or more field stars in each frame were used for image alignment. All of the data were linearized, flat-fielded, and sky subtracted in a standard manner (e.g., Howard, Pipher, & Forrest 1994 (Greenhouse et al. 1997 ) positioned in series with the camera. Images were obtained at five wavelengths selected to sample the line and instrument profile fully (resolving power ). Details l/Dl ∼ 800 of the wavelength calibration and fitting algorithm may be found in Cole (1996) .
Observations during 1996 September 16 (1996.71) and 1998 September 4 (1998.68) were made with the camera using a circular variable filter ( ) at 1.600, 1.644, and 1.688 l/Dl ∼ 38 mm. Continuum images at 1.644 mm were generated from the weighted average of the two continuum images. Contamination of our [Fe ii] line flux images by Br 12 (1.641 mm) line emission is unlikely, as faint Brg (2.166 mm) emission was detected only at GGD 37:W2. The final images have point-source FWHMs of 1Љ .6 (1993 and 1996 images) and 1Љ .1 (1998).
RESULTS AND DISCUSSION
In Figure 1 we present [Fe ii] 1.644 mm line flux images of a small region within our larger images. Superposed is the 0.1 mJy beam Ϫ1 contour at 6 cm taken in 1991 by Garay et al. (1996) . It was aligned with respect to star 14 (present in our larger images) using the Hartigan & Lada (1985) coordinates for star 14, which have ‫1ע‬Љ absolute positional uncertainties.
W2 appears in 1993 as an oblong feature oriented with the b Fluxes ‫)%01ע(‬ measured within apertures of diameter 2Љ .9 (W2) and 2Љ .4 (RWPF 1). were computed from each fit's slope, assuming a distance 408 ‫ע‬ 191 to GGD 37 of 700 pc. The effect of GGD 37's distance uncertainty, taken to be 30 pc, was included in the velocity uncertainty, which is dominated by the angular uncertainties in the fitted slopes. long axis pointing toward the northwest and is contiguous with W3. By 1996 it expands to fill the 6 cm contour, and in 1998 it forms a centrally peaked blob that is detached from W3. The brightest feature at all three epochs is W3, and it appears to be growing smaller and dimmer over time. The new source RWPF 1 appears in 1993 as a diffuse extension on the northwestern edge of W3. Its peak brightness increases slightly, and it becomes more compact over time as it moves to the northwest. In 1996 and 1998 it has a diffuse extension pointing to the northeast. W1 does not appear in our images. Both W2 and RWPF 1 change in appearance from faint peaks connected to W3 to brighter, detached blobs over time. It is possible that these changes are a result of photometric variability, which may be magnified by the presence of nonlocal extinction. The compact appearance of both sources and the large apparent shift of RWPF 1 leads us to conclude that true proper motion is the more likely explanation. In contrast, we do not interpret W3's change in morphology between 1996 and 1998 as motion, but as dimming. We use this interpretation in the following analysis.
Centroid positions of star 14 (not shown in Fig. 1 , but present in our larger images), W2, and RWPF 1 were measured. Their offsets with respect to star 14, at each epoch, are presented in Table 1 , and the computed proper motions are presented in Table 2 . The motion of the centroid of each feature, relative to each 1993 centroid position, was also measured and is plotted in Figure 2 . A least-squares fit gave tangential velocities of km s Ϫ1 and km s Ϫ1 . Note n = 408 ‫ע‬ 191 n = 851 ‫ע‬ 209 W2 RWPF1
that these uncertainties (∼200 km s Ϫ1 ) are larger than the tangential velocity (∼100 km Ϫ1 ) that Lenzen (1988) reported for GGD 37:HW (= W3).
The plane-of-the-sky proper-motion vectors are shown in Figure 3 . W2's position angle (P.A.) of rules out 334Њ ‫ע‬ 6Њ any outflow source in Cep A East. RWPF 1 lies at position angle , which corresponds to motion from a location 275Њ ‫ע‬ 9Њ south of Cep A East:HW1b. However, Cep A East:HW2 and Cep A East:HW3d are included by the P.A. uncertainty; these are the only sources in Cep A East suspected of driving outflows, but their outflows are oriented to the northwest and southwest ( and ∼115Њ; e.g., Goetz et al. 1998 ), re-P.A. ∼ 45Њ
L118 EMISSION-LINE FEATURES IN GGD 37
Vol. 528 spectively. It is unlikely that the driving source for RWPF 1 is among these sources in Cep A East. RWPF's large tangential speed is possibly the highest tangential speed seen to date, and it is larger than the highest shock velocity inferred for an HH object. For example, typical tangential speeds of only up to ∼500 km s Ϫ1 have been measured in many HH objects and their jets (e.g., HH 1/2 in Eislöffel et al. 1994b; HH 111 in Coppin, Davis, & Micono 1998) , while the broadest line emission profiles yet known in an HH object are 625 km s Ϫ1 in HH 80A and 700 km s Ϫ1 in HH 81A (Heathcote, Reipurth, & Raga 1998) . These two objects have tangential velocities of only ∼350 km s Ϫ1 . Several of the HH 80/81 thermal radio jet features have speeds that are higher (∼1000 km s Ϫ1 ; Martí, Rodríguez, & Reipurth 1998) , but these sources are faint and the measurements are less certain.
Several mechanisms have been invoked for the creation of large proper motion HH objects. These include wind-driven acceleration of shocked ambient cloudlets (Schwartz 1978) , the ejection of bullets or "artillery shells" (e.g., Allen & Burton 1993) , the formation of Rayleigh-Taylor instabilities as a fast wind overtakes slower material (Stone, Xu, & Mundy 1995) , and the formation of internal working surfaces within a protostellar jet as a result of velocity variability at the source (e.g., Stone & Norman 1993) .
In addition to RWPF 1, other features in GGD 37 also have indications of westward motion, e.g., the 100 km s Ϫ1 proper motion of W3 (Lenzen 1988) , the westward-pointing apices of H 2 emission seen at GGD 37:E and GGD 37:S, and the broad H 2 emission are south of GGD 37:S (Hartigan et al. 1996, their Fig. 3) . If all of these features arise from the same jet source, then this source must be highly variable in velocity. RWPF 1's large speed would indicate that the jet presently has a speed ≥850 km s Ϫ1 , while in the past it was ≥475 km s Ϫ1 (Ha FWZI of W3 = HW; Hartigan et al. 1986) . RWPF 1 is then the signature of the shock formed when fast jet material overtook slower jet material. If it is not shocked again, then it should radiate in the emission lines of [Fe ii] for ∼50 yr, assuming solar abundances and temperature and electron density of 10 5 K and 10 4 cm Ϫ3 .
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